Objective: Biochemical and haematological parameters of nutritional interest were determined in the serum of opiate addicts in order to compare them with those obtained in healthy subjects. Linear discriminant analysis was applied for the differentiation of the opiate addicts. Subjects: Sera of 106 opiate addicts in detoxification treatment (n ¼ 19) or in Methadone Maintenance Treatment Program (MMTP) (n ¼ 87) were studied. Design: The determination of classical biochemical and haematological parameters in blood samples was carried out using standardized methods. Determination of retinol and a-tocopherol was carried out by high-performance liquid chromatography with diode-array detector. Folic acid and vitamin B 12 were determined using competitive binding techniques. Minerals were determined by flame emission spectrometry (Na and K) and atomic absorption spectrometry with air-acetylene flame (Ca, Mg, Fe, Cu and Zn) or with hydride generation (Se). Phosphorous was determined using a colorimetric method with ammonium molibdate. All statistical analyses were performed by means of the SPSS version 10.0 software for Windows. Results: Stepwise linear discriminant analysis simplified the system to the following variables: Na, K, Mg, number of leucocytes, triglycerides, GPT, glucose, albumin, retinol and folic acid; and 90.1% (86.4% after crossvalidation) of correct classification was obtained. Representing the first and second discriminant functions, the control groups were well separated from opiate addicts. Conclusions: Applying linear discriminant analysis on several biochemical and haematological parameters, the opiate addicts could clearly be differentiated from the control individuals, and a tendency to differentiate the opiate addicts in MMTP and in detoxification treatment was observed.
Introduction
Haematological and biochemical classical parameters and vitamins and mineral status are influenced by food intake.
Moreover, the determination of these parameters provides important information relative to the nutritional status (Grant & DeHoog, 1985; Willett, 1990) .
Methadone substitution treatment is regarded as an effective treatment for opiate addicts (Farrell et al, 1994) and is widely used in many countries. According to some authors (Gambera & Clarke, 1976; Kabrtt et al, 1999) , food habits and lifestyle of the patients enrolled in Methadone Maintenance Treatment Program (MMTP) largely improved with this treatment. However, many of these patients continue to use drugs and consume alcohol in excess. Eating too little, smoking and drinking too much are the main lifestyle problems of the patients in MMTP (Best et al, 1998) . A 61.5% of the studied population manifested a high consumption of alcoholic drinks, and 53.1% of them indicated a daily consumption (Verde Méndez et al, 2002) . Besides, the frequent social and domestic problems as well as the associated pathologies such as AIDS or several types of hepatitis may be influencing their nutritional status. Alcohol or drugs can cause poor appetite, loss of taste and apathy regarding diet and nutrition. Morabia et al (1989) have deduced that opiate addicts replace foods that are rich in fat and animal proteins with those that are rich in carbohydrates, especially sucrose and alcohol, which provide the socalled 'empty' calories. Therefore, these patients are usually at nutritional risk, and corrective nutritional programs must be seriously considered as an integral part of the total services provided for the treatment of opiate addicts.
Application of chemometric classification procedures to biochemical and haematological parameters of nutritional interest can be a useful tool for the differentiation of individuals according to their nutritional status. In this regard, the classification systems are based on the use of objective parameters that have previously been determined using standardized methods. In this paper, we determine the levels of biochemical and haematologic classical parameters and some vitamins and minerals of nutritional importance in blood samples of opiate addicts. Linear discriminant analysis (LDA) was applied on these parameters to differentiate the opiate addicts included in MMTP or in detoxification treatment and the healthy subjects. This could be used as a diagnostic tool of opiate addicts as well as for finding out differences in the nutritional status of both groups of opiate addicts and healthy subjects.
Material and methods

Subject selection
From January to June 2000, the serum of opiate addicts undergoing treatment in the Youth Association Cooperation 'San Miguel' of Santa Cruz de Tenerife was collected. The opiate addicts were divided into two groups: (1) current opiate addicts admitted for detoxification treatment (n ¼ 19); and (2) opiate addicts included in MMTP (opiate addicts) (n ¼ 87). The control group was formed of 186 apparently healthy individuals. These individuals were included in the Nutrition Survey of the Canary Islands (Henríquez Sánchez et al, 2000) and they were selected within the age interval of the opiate addicts. Table 1 shows the main characteristics of the opiate addicts and the individuals included in the control group, including number of individual and data about age and sex.
Collection and storage of samples Blood samples were collected by venepuncture in the morning (between 08.00 and 09.30 hours) from the fasting subjects. A volume of 15 ml of whole blood was extracted and divided into two fractions. EDTA was added to a fraction as anticoagulant, and then this fraction was used for the determination of the haematological parameters. The other fraction was left to spontaneous coagulation, and then the blood samples were centrifuged at 300 Â g for 10 min. Hemolysed samples were excluded. The clean serum was used for the determination of the classical biochemical parameters, and an aliquot of serum was frozen (À401C) for storage and transportation to the laboratories for the determination of vitamins and minerals.
Determination of biochemical and haematological parameters Table 2 summarizes the methods used for the determination of the parameters analysed, which were divided into four groups:
Haematological parameters. The haemoglobin concentration, haematocrit, number of red cells, leucocytes and platelets were obtained using an interpretative and differential Haematologic Analyzer in five parts System 9000 þ (Serono Baker Diagnostics, Inc.).
(b)
Classical biochemical parameters. The parameters included within this group were the following: glucose, cholesterol, triglycerides, uric acid, GOT, GPT and albumin, and were determined with an autoanalyzer BM/Hitachi 911 (enzymatic test in vitro). The methods for the determination of these parameters are commonly used in the Laboratory of the Youth Association Cooperation 'San Miguel' of Santa Cruz de Tenerife. These methods were optimized and periodically sub- mitted to internal and external quality control to ensure the analytical results. (c)
Vitamins. The preparation of samples for the determination of retinol and a-tocopherol by high-performance liquid chromatography (HPLC) was made according to the procedures described by Steghens et al (1997) . The determination was carried out by HPLC with diode-array detector using a method proposed by us (Rodríguez-Delgado et al, 2002) , which is based on the method described by Steghens et al (1997) . Recoveries of the extraction procedure were calculated analysing 10 replicate assays on spiked serum samples on different days obtaining values above 93% for both vitamins. Acceptable precisions were also obtained for both retinol (2.1%) and atocopherol (2.3%). Serum levels of vitamin B 12 and folic acid were measured using a commercially available recombinant DNA technology (US Patent No. 4708929, Roche s diagnostics) to produce a unique homogeneous enzyme assay system. (d)
Minerals. Phosphorous was determined using a colorimetric method with ammonium molibdate. In a previous paper (Díaz-Flores Estévez et al, submitted), we described the treatment method for the determination of the rest of the minerals. Briefly, after mineralization of serum samples, Na and K were measured after dilution in milli-Q water (1:10) by flame emission spectrometry and Ca and Mg were measured after dilution in LaCl 2 (10 g/l). Ca, Mg, Fe, Cu and Zn were determined using the air-acetylene flame atomic absorption spectrometry technique and Se was determined using the hydride generation atomic absorption spectrometry technique (Atomic absorption spectrometer Varian Spectra AA-10 Plus equipped with D 2 lamp background correction system). Accuracy was evaluated by analysing a commercially available sample of lyophilized human serum (Seronormt Trace Elements Serum; SERO AS N-1375 Billingstad, Norway). Precision was found by analysing 10 replicate assays of a pooled serum sample. Recoveries near 100% and good precision were obtained for all the metals and, therefore, it can be deduced that the methods applied are adequate for these samples (Díaz-Flores Estévez et al, submitted).
Statistical analysis
All statistical analyses have been performed by means of the SPSS version 10.0. software for Windows. The KolmogorowSmirnov's test was applied to verify if the variable had a normal distribution, Po0.05. The methods for comparison of the mean values between the groups of subjects considered were Student's t-test and one-way ANOVA, assuming that there were significant differences between mean values when statistical comparison gave Po0.05. When ANOVA was statistically significant, identification of significant differences between groups was based on Duncan's post hoc test. LDA is based on the extraction of linear discriminant functions of the independent variables by means of a qualitative dependent variable and several quantitative independent variables. Two processes can be applied in LDA: (1) stepwise LDA that selected the quantitative variables that enhance discrimination of the groups established by the dependent variable; and (2) introduction of all independent variables. The objective of this second process is to use all the information although the system obtained is more complex.
Results and discussion different food habits or, in the case of the opiate addicts in MMTP, to the effects of the use of methadone. Opiate addicts presented lower levels in the number of red cells, cholesterol, albumin, retinol, a-tocopherol, folic acid, sodium, selenium and copper and higher levels in the number of leucocytes, GOT, GPT and K than the control group. The opiate addicts in MMTP had higher levels of glucose, triglycerides, Mg and P than the heroin addicts in the detoxification treatment and control groups. Considerable differences in the mean values for some vitamins and minerals between opiate addicts and the control group were found. Opiate addicts presented higher levels of retinol, a-tocopherol and folic acid than the control group. Christakis et al (1973) reported low and deficient levels of folic acid and retinol in patients included in MMTP. These results could be related to a lower consumption of vegetables and legumes in the addicted population studied (Verde Méndez et al, 2002) . Both groups of opiate addicts had a selenium mean concentration lower (Po0.005) than the mean concentration in the control group, which could be related with the significantly lower consumption of fish in the opiate addicts (Verde Méndez et al, 2002) .
Three studies of LDA were also carried out: the first study with all the individuals (males and females) and the parameters not influenced by sex; and the second and third studies for males and females in an independent manner and all the parameters studied were included. Each study was developed using the stepwise LDA and the introduction of all the variables.
All the individuals
The LDA was used by considering group of individuals as a qualitative variable and all the parameters not influenced by sex as the quantitative variables. After application of the stepwise LDA to the data (Table 4) , the system was reduced to the following 10 variables: Na, K, Mg, number of leucocytes, triglycerides, GPT, glucose, albumin, retinol and folic acid, which define the following discriminant functions:
A high percentage (90.1%, and 86.4% after crossvalidation) of correct classification was obtained. The control group presented the best classification (96.0%) with only three and four individuals erroneously classified as opiate addicts in MMTP and in detoxification treatment, respectively. The finding that seven healthy subjects were classified as opiate addicts (three in MMTP and four in detoxification) could not be explained for a high alcohol consumption because they manifested an alcohol consumption lower than two drinks per week. However, these apparently healthy subjects could be nondeclared opiate consumers or ex-consumers, which could explain their inclusion in these groups of opiate addicts. There is a percentage of the population that have problems of addiction and who are not recognized. The group of opiate addicts included in MMTP showed that 79.5% of individuals were well classified, emphasizing a relatively high percentage (16.6%) of individuals erroneously included in the group of opiate addicts in detoxification treatment. Therefore, one can deduce that considering the variables selected, the control group can reasonably be differentiated from the two groups of opiate addict groups, but these groups of opiate addicts could not be distinguished between themselves. Two discriminant functions were extracted which are linear combinations of the quantitative variable selected. The first function presented a relatively high eigenvalue of 4.276 and a coefficient of canonical correlation of 0.900 close to unity. Therefore, it can be deduced that the variation of the data is due to differences among the groups of individuals. This could be related with the different food habits of the groups of subjects considered (Verde Méndez et al, 2002) , although other factors related with the consumption of opiates and/or other drugs and alcohol could be influencing the biochemical and haematological profile. A graphic representation of the two discriminant functions is shown in Figure 1 . The individuals belonging to the control group were well separated from the opiate addicts. Besides, the opiate addicts tend to differentiate according to the treatment (MMTP or detoxification). When the LDA was applied with all the variables, a small improvement of the classification was obtained to 92.4% (with a crossvalidation of 88.0%). Thus, only selecting the 10 variables indicated in the stepwise method, the differentiation among the three groups of individuals considered was fairly acceptable. 
Male and female individuals
The LDA was also used for males using group of individuals as the qualitative variable and all the parameters analysed as quantitative variables. Table 5 shows the results obtained by a group of males after application of the stepwise LDA to the data. The following nine variables: Na, K, glucose, albumin, uric acid, a-tocopherol, folic acid, retinol and haematocrit; were selected and the discriminant functions obtained are:
The percentage of individuals well classified was 89.6% with a similar value after crossvalidation (87.5%). The control group presented a completely correct classification (100%). In all, 10 individuals and one individual belonging to the opiate addicts in MMTP were erroneously classified as opiate addicts in detoxification treatment and as control group, respectively. Four individuals in the group of opiate addicts in detoxification treatment were erroneously included in the group of opiate addicts in MMTP. Although the control group was well differentiated from the opiate addicts with the variables selected, in this case, the two groups of opiate addicts could not be distinguished between each other either. When the LDA was applied with all the variables, a small improvement of the classification was observed, with a 94.6% (with a crossvalidation of 85.0%) of the individuals presenting a correct classification. It can be deduced that the opiate addicts had a biochemical and haematologic profile that made it possible to differentiate them reasonably from the individuals belonging to the control group. So an acceptable differentiation was obtained by determining only eight parameters. A subsequent analysis on the female group was carried out by using group of individuals as the qualitative variable and all parameters analysed as quantitative variables. The results using the stepwise DA are presented in Table 6 . Seven variables were selected: Triglycerides, number of red cells, number of leucocytes, GOT, GPT, retinol and folic acid, which define the following two discriminant functions: The percentage of individuals well classified was 92.8% (after crossvalidation 88.8%). Similar to the results obtained for the males, the control group had a completely correct classification (100%). The female opiate addicts did not present a good classification within their two groups. Probably the relatively low number of individuals does not allow one to distinguish between these groups. The results improved when all the analysed variables were included in the LDA, obtaining a completely correct classification of all the individuals, with a slight decrease of correct classification (95.7%) after crossvalidation.
